Although PLGAs are rarely found in the upper lip, by describing the clinical and pathological features of this multi-institutional series we highlight this uncommon clinical presentation, a feature of note for both clinicians and pathologists.
Introduction
Salivary gland tumors are an uncommon group of neoplasms that account for approximately 3-10% of all head and neck tumors 1 . Their morphological and clinical heterogeneity is well-known, which can lead to a wide differential diagnosis and incorrect diagnoses.
Among salivary gland malignancies, polymorphous low-grade adenocarcinoma (PLGA) clearly illustrates such diagnostic difficulty. Before its original recognition as an independent entity in 1983, most cases of PLGA were included in the spectrum of adenoid cystic carcinoma (AdCC) and therefore, both entities share numerous microscopic overlaps [2] [3] [4] [5] . On the other hand, in contrast to AdCC, PLGA is virtually restricted to the intra-oral minor salivary glands, especially from the palate, where it usually reveals an indolent growth pattern 6 .
The identification of PLGA in other intra-oral sites is uncommon and when such presentation is recognized it frequently raises a range of diagnostic possibilities. Canalicular adenoma and pleomorphic adenoma are by far the most common salivary gland tumors affecting the upper lip and both entities can occasionally reveal histologic similarity to PLGA, which can uncommonly be found in this location 1, [7] [8] [9] [10] . As a consequence, careful clinical and pathological examination should be applied to ensure a malignant salivary gland tumor is not missed.
Hence, in the current manuscript we aimed to describe the clinicopathological features of an international series of PLGA cases affecting the upper lip to better characterize this exceptionally uncommon clinical presentation.
Material and Methods
A retrospective analysis of the archives of five diagnostic oral pathology services was carried Demographic data including gender, age, ethnicity, symptomatology, duration, size, treatment and follow-up were gathered from patients' medical records. During histological examination, data regarding microscopic pattern, presence of Indian filing, concentric growth, perineural invasion, entrapment of normal glands, pattern of invasion and stromal features were carefully described.
Results
Following our retrospective archive retrieval, 12 cases originally diagnosed as PLGA affecting the upper lip were identified. After careful histological review (KDH, FF and DB), one case was excluded from the study as its appearances were more consistent with low grade carcinoma expleomorphic adenoma. Eleven cases remained for analysis, although a full set of clinical data was only available for 5 of these cases. The relative incidence of upper lip PLGA diagnoses in the context of overall case load and other salivary gland tumours diagnosed are presented in Table 1 . Further detailed data on the incidence of salivary gland tumours from Sheffield have been previously published 12 . Table 2 summarizes the demographic data obtained with the final sample. The male-to-female ratio was 1.2:1, the mean age was 58.5 years (median: 56 years, range from 41 to 77 years). Where patient reported data was available (n=6), the tumors were predominantly asymptomatic (n=5), but in one case the patient reported a numb sensation. A mean time of duration of 20.6 months (range 1 -48 months) was reported by patients and during clinical examination lesions presented as submucosal, slow-growing, small diameter tumors ( Figure 1A ), although one large neoplasm was also found ( Figure 1B) . Surgery was the therapeutic modality applied for all patients whose treatment data was available and no recurrence or metastases were described in the 8 cases for whom follow-up data was available. Table 3 . Some tumours were markedly multilocular, particularly the larger ones. Some had been excised with overlying oral mucosa and the tumours have a variable relationship with this: some extended very close whilst in others there was a clear zone of connective tissue separation. No ulceration was noted in any of these cases. In keeping with the polymorphous description, all described histologic growth patterns could be found in the cases presented with the lobular subtype the most frequently encountered. Focal cribriform or trabecular areas were identified in most tumours and papillary cystic areas were occasionally noted.
Microscopic features of cases are depicted in
The ductal structures in the trabecular form were single layered, with no apparent luminal and abluminal components. Presence of Indian filing (54.5%), perineural invasion (54.5%) ( Figure 1C ), concentric growth (36.4%) ( Figure 1D ) and entrapment of normal glands (36.4%), all features often described in cases of PLGA, were also variably seen in our samples. A collagenous stromal compartment was the most frequently described, but no marked stromal desmoplasia was identified.
In some cases, tumor islands were embedded in a surrounding myxo-collagenous stroma.
Cytologically, the neoplastic cells presented the typical bland "washed-out", round nuclear appearance, with scattered evident nucleoli only occasionally found. Nuclear pleomorphism and mitoses were largely absent and only focal hyperchromasia was noted. Most tumors displayed a pushing type of infiltration into the surrounding structures, however some, showed infiltration of small islands of tumour into the adjacent minor salivary gland tissue (for example, case 1) or fat (for example, case 5). Figure 2 shows representative photomicrographs from cases 1, 4, 6 and 9. The virtual microscopy images for these case are available as supplementary material
Discussion
PLGA is an uncommon malignant salivary gland tumor that reveals an indolent clinical behavior and only rarely develops local or distant metastases. It is virtually always diagnosed in minor glands of the oral cavity, and the palate is by far the most affected subsite 13 . In the current paper we There are currently only two published cases presenting similar detail: in each case, the patient was an elderly female, and in one, the lesion recurred 14, 15 . In the larger series, the data is not presented in sufficient detail to bear direct comparison with our cases, but the overall proportions of PLGAs and frequency of the lesion in the upper lip are comparable to that seen in the contributing centers of this series. The clinical data for some of these cases is, unfortunately, incomplete as was also the case in our series (table 2).
The low grade behavior of most PLGAs is consistent with its clinical presentation. As with previous descriptions of PLGA 20 , in the current sample we found submucosal slow-growing lesions with a steady evolution, some present for 4 years duration and most commonly presenting as small diameter neoplasms, although one occasional case presented as a large telangiectatic tumor. El-Naaj et al. 6 reported that PLGA cases affecting the lip tend to present in smaller sizes, possibly due to an earlier recognition by the patient. Despite its hallmark microscopic feature of neural involvement, pain or paresthesia is usually not reported by the patients 10 . This was exemplified in our series, where numbness of the affected lip was described by only one patient, suggesting that the simple histologic presence of perineural growth might not be a reliable parameter to predict a painful clinical presentation of this lesion. A similar observation in AdCC was reported by Speight and Barrett (2009) 21 where only 25% of the cases demonstrating nerve involvement seemed to be associated with clinical signs and symptoms. In contrast, other neurotropic malignancies like pancreatic carcinoma demonstrate a strong association between perineural invasion and pain 22 . Hence, since we failed to identify any well conducted study investigating such association in the context of PLGA, and considering that pain and perineural invasion are clinicopathological features frequently evaluated as prognostic determinants, we believe that a better understanding of their direct correlation might be of relevance to improve the knowledge about the clinical and biological behavior of PLGA, demanding, therefore, further efforts and investigations in this line.
The male predominance observed in our study is in contrast to the frequently female preponderance described for PLGA 13, 20 . On the other hand, most of our patients were diagnosed in the sixth and seventh decades of life, which was in accordance with general PLGA descriptions 20 .
Despite pooling cases from four continents, 9 of the 11 patients were white which limits the possible variation due to differing ethnicities. All patients with treatment data available had surgery to remove the lesions with no signs of recurrence nor regional or distant metastases during their follow-up period, although this data was not available for all patients. This confirmed the indolent behavior of this tumor and that surgery is the current therapeutic approach for patients affected by PLGA 13, 20 . The absence of distant spread of PLGA is an important feature that distinguishes it from the recently recognized cribriform adenocarcinoma of the tongue/minor glands (CATS) 23 , which is characterized by a more aggressive behavior with frequent metastases and recurrences. The dominant cribriform architecture and nuclear features similar to papillary thyroid carcinoma described in CATS 18 were not present in our PLGA case series. The recently described PRKD1 mutations in PLGA may further help to define this entity in cases where there is diagnostic uncertainty 24 .
It is important that PLGA forms part of the differential diagnosis of salivary gland tumours of the upper lip, despite their preponderance in the palate. Special attention for distinguishing PLGA from the more common benign tumors affecting the upper lip including pleomorphic adenoma and canalicular adenoma is also warranted, especially in small biopsy specimens, although in some cases this may prove difficult. No specific clinical feature can be found in PLGA to differentiate it from its benign counterparts, although the presence of the telangiectasia on the surface of the tumor has previously been suggested as an indicator of malignancy 25 . Although PLGA is rarely found in the upper lip, by describing the clinical and pathological features of this multi-institutional series we 
